Background: Although the anticancer activity of Korean Red Ginseng (KRG) has been known in various cancers, the mechanism of KRG-induced apoptosis is unknown in colorectal cancer (CRC). In our study, we examined whether KRG induces apoptosis in CRC cells. Methods: In the cell viability assay, the concentration of the appropriate KRG extracts was fixed at 2.5 mg/mL in numerous CRC cells. This fixed concentration was in other experiments, and it was confirmed that the KRG extracts induce apoptosis in CRC cells. Results: We found that KRG induced Noxa activation and apoptosis and increased endoplasmic reticulum stress via reactive oxygen species production. This indicated that KRG efficiently enhanced cell death in CRC cells. Conclusion: Our results show that KRG can be used as a possible anticancer drug for patients with CRC
Introduction
Colorectal cancer (CRC) is the most commonly occurring cancer worldwide [1] . Treatment options for CRC usually include surgery, radiation therapy, and chemotherapy. Although many therapies have been developed, the 5 year survival rate of patients with CRC is still low [2] . Therefore, alternative treatments are required to achieve improved therapeutic efficacy.
Herbal medicines have long been used for the prevention and treatment of various diseases, in the form of traditional treatments [3] . Herbs are widely used for therapeutic treatments, but among them, ginseng is the most widely used herb worldwide. Ginseng is usually divided into three types: fresh ginseng (less than 4 years), white ginseng (4-6 years, dried after peeling), and red ginseng (6 years, dried after steaming) [4] . Korean Red Ginseng (KRG) is a traditional herbal medicine that has been used to treat various diseases such as cancer, Alzheimer's disease, anti-inflammatory diseases, and diabetes [5] [6] [7] . In previous reports, KRG has been shown to exert anticancer activity in various cancers [8, 9] . KRG extracts contain the following major ginsenosides: Rb1, Rc, Rb2, Rg3s, RE, Rg2s, Rg1, Rf, Rh1, Rd, and Rg3r ( Figure 1A ). However, the mechanism of KRG-induced apoptosis is unknown in CRC cells.
Noxa is a pro-apoptotic protein, which encodes a Bcl-2 homology 3 (BH3)-only member of the Bcl-2 family. Noxa is translocated to the mitochondria, releases cytochrome c, and then induces 3. Results
KRG Extract Inhibits the Viability and Increases the Apoptosis of CRC Cells
We performed the MTT assay to determine cell proliferation following KRG extract treatment in CRC cell lines. KRG extract decreased the proliferation of CRC cells in a dose-dependent manner, but not the normal colon cell CCD-18Co ( Figure 1B) . Additionally, treatment with KRG extract enhanced apoptosis in CRC cell lines (HT29, HCT116, and DLD-1), as shown by trypan blue staining, but did not affect normal colon cell (CCD-18Co) ( Figure 1C ). We observed the morphology of HT29 and DLD-1 cells treated with KRG extract by light microscopy. The cell morphology treated with KRG extract was altered as compared with control cells ( Figure 1D ). The colony formation assay was performed to observe the long-term effect of KRG extract on cell survival. Cells treated with KRG extract showed inhibited colony formation and growth as compared with the control ( Figure 1E ). Additionally, FACS analysis following annexin V/PI staining confirmed that KRG extract is involved in apoptosis. As shown in Figure 1F , KRG extract induced apoptosis ( Figure 1F ), and the activity of cleaved caspase-3, caspase-9, and PARP was also increased ( Figure 1G ). These results indicated that treatment with KRG extract induces apoptosis in CRC cells.
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KRG Extract Increases Apoptosis via Noxa Activation
We examined the level of anti-apoptotic and pro-apoptotic proteins to study the mechanisms of KRG extract. As shown in Figure 2A , we found that the expression of Noxa was significantly increased by treatment of KRG extract (Figure 2A ). The increase of Noxa expression induced by KRG extract was also confirmed in HCT116, SW620, DLD-1, and SW480 cells ( Figure 2B ). Using immunofluorescence microscopy, we found that cells treated with KRG extract showed significantly higher expression of Noxa than control cells ( Figure 2C ). In order to determine whether the cell death induced by KRG extract was dependent on Noxa expression, cells were transfected with Noxa-specific siRNA. Knockdown of Noxa significantly reduced cleaved PARP level ( Figure 2D ) and apoptosis ( Figure 2E ). In other words, these data show that KRG extract increases apoptosis through activation of Noxa.
Cell Apoptosis Induced by KRG Extract Mediates the Activation of the ER Stress-Noxa Pathway
It has been indicated that ER stress is associated with cell apoptosis regulation [16, 18] . We measured the level of ER stress-related proteins to determine whether KRG extract is involved in ER stress. The treatment of KRG extract dramatically increased the expression of p-IRE1α and CHOP ( Figure 3A,B ). The increase of CHOP expression was also confirmed by immunofluorescence ( Figure 3C ). To investigate the association between ER stress and cell apoptosis increased by KRG extract, cells were transfected with CHOP siRNA. As a result, CHOP knockdown reduced cleaved PARP, CHOP, and Noxa levels, indicating that Noxa expression can be blocked by CHOP knockdown ( Figure 3D ). CHOP knockdown also significantly reduced KRG extract-induced apoptosis, as shown by FACS analysis ( Figure 3E ). Additionally, knockdown of IRE1α reduced cleaved PARP, IRE1α, p-IRE1α, CHOP, and Noxa levels increased by KRG extract treatment ( Figure 3F ). These results confirm that KRG extract induces apoptosis via the IRE1α-CHOP-Noxa pathway.
KRG Extract Induces ROS Generation
Because ROS and ER stress are related, it was thought that cell apoptosis induced by KRG extract might induce ER stress via ROS generation. We measured ROS production by carboxy-DCF-DA. KRG extract treatment significantly increased ROS production ( Figure 4A ). Immunofluorescence microscopy was also performed to examine the expression of carboxy-DCF-DA. These results confirmed that treatment with KRG extract induced ROS generation ( Figure 4B ). N-acetyl-l-cysteine, antioxidant, was administered to further investigate whether ROS affects KRG extract-mediated cell apoptosis. As a result, NAC inhibited the apoptosis induced by KRG extract ( Figure 4C ). We examined the expression of antioxidant proteins (SOD1, SOD2, SOD3, and catalase) and superoxide radical-forming enzymes (NOX2 and NOX4), which are ROS-related factors, in order to examine whether KRG extract regulates ROS production. SOD3 protein expression was decreased, and the level of SOD3 mRNA was also confirmed ( Figure 4D,E) . Our results suggest that KRG extract induces apoptosis through increasing ROS-ER stress via inhibition of SOD3 mRNA.
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Discussion
In previous studies, KRG has been known to have anticancer effects in CRC cells [19, 20] . However, its mechanism has not yet been well elucidated. In our study, we found that treatment of KRG extract induced cell death in CRC cells, but not in normal epithelial primary cells ( Figure 1B,C) . Because KRG is a natural product, it is safe and less toxic. Therefore, we suggest KRG as an alternative anticancer drug.
Apoptosis is the process of programmed cell death that can be regulated by anti-apoptotic proteins and pro-apoptotic proteins [21] . We examined the change of pro-apoptotic and anti-apoptotic proteins expression in CRC cells treated with KRG extract. For the first time, we found that KRG extract exhibited pro-apoptotic effects via activation of Noxa in CRC cell lines (DLD-1, HCT116, SW620, and SW480) ( Figure 2B ). Noxa is regulated by the tumor suppressor gene p53 and is known to be associated with P53-mediated apoptosis [22] . As shown in Fig. 2A , the level of p53 protein was not changed after treatment of KRG extract. These results indicated that KRG extract increased p53-independent Noxa activation.
Since Noxa activation was p53-independent, we evaluated ER stress, which is known to affect Noxa expression [16] . ER stress is a cellular process that affects protein folding, synthesis, and trafficking [23, 24] . ER stress is known to cause the activation of Noxa via the PERK/ATF4/CHOP, IRE/JNK, or IRE1α/CHOP pathway [25, 26] . We found that the ER stress increased by KRG extract increases Noxa expression through the IRE1α/CHOP pathway ( Figure 3A,B) . Treatment with KRG extract increased the phosphorylation of JNK, but the increase in apoptosis and CHOP and Noxa expression induced by KRG extract was not changed by treatment with JNK inhibitor (data not shown). These results confirmed that KRG extract induces apoptosis via the IRE1α-CHOP-Noxa pathway. ROS plays a key function in regulating physiological functions, such as proliferation, differentiation, cell cycle, cell death, and migration [27] . Especially, ROS is associated with tumor initiation and cancer progression. Since cancer cells have higher ROS levels than normal cells, they are susceptible to acute oxidative stress. In contrast, excessive ROS can cause necrosis or apoptosis of cancer cells, which is important in cancer therapy [28, 29] . In previous studies, induction of ROS has been reported to cause apoptosis by activating ER stress [30] . Consistent with these reports, our results showed that KRG extract induces ROS generation ( Figure 4A,B) . Because NAC, a scavenger of ROS, is an aminothiol and synthetic precursor of cysteine and Glutathione, it is considered to be an antioxidant [31] . NAC plays a role in protecting against carcinogenesis and DNA damage through its antioxidant activity in cancer. Additionally, we confirmed that NAC attenuates the KRG extract-mediated increase of ER stress and apoptosis ( Figure 4C ). ROS generation is reported to be controlled by SOD (superoxide dismutase) enzymes [32] . SOD enzymes are distinguished based on metal ion cofactors and localization. Eukaryotes express cytoplasmic Cu/ZnSOD (SOD1), mitochondrial MnSOD (SOD2), and extracellular Cu/ZnSOD (SOD3) [33] . We investigated the expression of SOD enzymes and NOXs to identify how KRG extract regulates ROS production. Treatment of KRG extract dramatically decreased the level of SOD3 protein and mRNA ( Figure 4D,E) . These results indicated that KRG extract induces ROS generation via inhibition of SOD3 transcription.
Conclusions
In summary, we found that treatment with KRG extract increases apoptosis via Noxa activation in CRC cells, and Noxa activation is enhanced by induction of ROS-ER stress ( Figure 5 ). Taken together, our study suggests that KRG extract could serve as a therapeutic drug for patients with CRC. 
